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The payload is the most vulnerable region in collision
avoidance. It is the object that sticks out the furthest
and it is also the region that the camera cannot see
behind. It has blind spots. An array of °'Capciflectors"
can easily be added to each Orbital Replacement Unit
(ORU) and eliminate these blind spots. Our calculations
and lab experiments indicate that not many sensors would
be needed (typically 4 to 8) and power, leads , circuitry
and compute power would not be burdensome. With these
sensors, one could practically ensure that the ORU would
not collide with anything no matter what the
circumstances. That is, even if the computer model is in
error, an unexpected event occurs, the operator is
inattentive, lighting conditions are misleading or blind
spots are encountered , the ORU will still not experience
a collision. Clearly with the enormous emphasis on safety
and the value of the ORU payloads, this sensing protection
will be essential. The only question is whether power and
signals can be sent between the robot and the payload. As
will be shown in the next slide they certainly must and can.
It also turns out, that our lab experiments have shown that
payload collision avoidance can be extended to include
docking; even in a cluttered environment in which several
payloads are placed close together. The docking accuracy
of the "Capaciflector" to a simple coded passive element
in the attachment region is surprisingly good; several
times better than what is required for docking. And, it
seems apparent that the same techniques in collision
avoidance and docking should be extended to the End
Effectors themselves. GSFC has also begun this research
starting with the robot attachment mechanism (foot).
This slide shows a photo of the GSFC robot foot. Conceived,
designed and developed in-house at GSFC, this device has
been incorporated into the Flight Telerobotic Servicer
(FTS) End Item Specification and can attach the (FTS) to
the Space Station structure with sufficient repeatability
and strength to meet all requirements. Also, it can make
all necessary electrical power and electronics and fiber
optics signal connections. A miniaturized version of this
(approximately the size of a cofee cup) is in fabrication
to serve
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In exploring the sensory-based collision avoidance problem it
soon became clear that this technology kept going deeper;, first
arm collision avoidance, then payload collision avoidance, then
payload docking, then End Effector collision avoidance and
docking. Apparently a missing key in the hierarchy of sensors
has been found. We now have vision, collision avoidance,
precontact forces and contact (tactile) forces. In the past, collision
avoidance and precontact forces have been missing. In the animal
world we see an example of this in the whiskers on a cat which
enables it to go through small holes in the dark. The "CapaciflectoF'
system provides electric field whiskers for robots and payloads.
This has very significant and fundamental implications for robot
control strategies. Adaptive control techniques are much improved
resulting in smoother, safer, more precise and efficient performance.
We have much more information where and when we need it so
computer modelling will yield somewhat to local sensory-based
information. At the same time, computer modelling information
will be combined with local path planning strategies and enable
the robot to perform limited search routines to verify the
environment before it begins docking. The operator can be involved
as needed. For example, if the model and the sensor disagree, the
robot can back up and signal the operator to take a look and resolve
the disagreement. And, the operator will now be able to "feel"
precontact/proximity forces. But, even though we will have more
information at the local site where we need it, the total required
information can be reduced.
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